Studies of the mechanism of proteinuria and particularly of albuminuria require the application of accurate methods to the determination of the concentrations of individual proteins in plasma and urine. Electrophoresis is not practical because of the very large number of analyses necessary. The availability of human plasma albumin (i.e., fraction V) has permitted extensive use of immunological techniques (1-3). However, the small but significant amounts of globulins present in this fraction and the tedious procedure required in the preparation of antiserum warranted the investigation of possible alternative methods for the estimation of the renal clearance of albumin.
Studies of the mechanism of proteinuria and particularly of albuminuria require the application of accurate methods to the determination of the concentrations of individual proteins in plasma and urine. Electrophoresis is not practical because of the very large number of analyses necessary. The availability of human plasma albumin (i.e., fraction V) has permitted extensive use of immunological techniques (1) (2) (3) . However, the small but significant amounts of globulins present in this fraction and the tedious procedure required in the preparation of antiserum warranted the investigation of possible alternative methods for the estimation of the renal clearance of albumin.
The blue dye T-1824, used clinically for the estimation of plasma volume, is bound in plasma principally to the albumin fraction (4) ; it does not appear in urine in significant amounts unless there is a significant proteinuria. On the basis of these two facts it has been suggested that the clearance of the dye might be a measure of the clearance of albumin. The first investigation of the clearance of the dye was carried out by Luetscher some years ago (5) ; the clearance of the dye was proportional to the clearance of the total protein and approximately four times as great. Since the albumin clearance was nearly four times the total protein clearance it is evident that there was good correlation between the dye and albumin clearances. Data were also given directly comparing the dye and albumin clearances in two instances: in the first the dye clearance was 0.37 ml./min., in the second the dye clearance was 0.75 ml./min. compared to the albumin clearance of 0.66 ml./min.
The albumin concentrations were determined electrophoretically. More recently, Allen and Orahovats (6) have investigated the clearance of T-1824 in normal dogs. From a comparison of their data for T-1824 in dogs with the data on protein excretion in normal human subjects obtained by Gunton and Burton (7) they suggested that the renal clearances of albumin and of T-1824 might be identical.
The present report describes the results of direct comparisons of the renal clearances of the dye and of albumin in patients with the nephrotic syndrome. Results are also given of direct comparisons in some of these patients after changes in the plasma albumin concentration had been obtained by the infusion of concentrated human plasma albumin.4 METHODS a. Concentration of T-1824 in plasma. A previously described acetone extraction method was used to determine the concentration of T-1824 in plasma (8, 9) . The increment of optical density (AD) for a given increment of plasma dye concentration (AC) is a function of protein concentration but follows the Bouguer-Beer Law for any given protein concentration. In some of the experiments reported below, the plasma protein concentration changed significantly from one period to the next following the administration of human plasma albumin or, in one experiment, the administration of blood. In these experiments it was necessary to determine AD/AC for each sample of plasma. This was done as follows: From each plasma sample containing dye two 1 ml. aliquots were taken. To one, A, was added a known amount of dye in 0.2 ml. of 0.85 per cent NaCl. To the other, B, was added 0.2 ml. of 0.85 per cent NaCl. From this point on, the acetone extraction procedure was followed. The optical densities of the acetone extracts of A(DA) and of 4 The albumin used in these studies was prepared from the blood of voluntary donors by the American National Red Cross. This material has been supplied to investigators by the American Red Cross as part of its National Blood Program. The opinions and conclusions are those of the authors and do not necessarily reflect the policy of the National Blood Program. Replicate determinations of dye concentrations in urine, on some occasions two or three days apart, showed in the absence of marked bacterial growth no greater variation than ± 1.5 per cent.
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c. Albumin concentrations in plasma and urine. Albumin concentrations were estimated by an immunological procedure similar to that described by Kunkel and Ward (11) . Since T-1824 is bound to albumin in plasma and presumably in urine, the possibility that T-1824 might interfere with the antigen-antibody reaction was examined. T-1824 was added to an albumin solution in 0.85 per cent NaCI in a molar concentration ratio of dye to albumin of 14 to 1; antiserum was added to this solution and to a solution of albumin of the same concentration but without T-1824. The presence of T-1824 made no detectable difference in the amount of precipitate formed; no dye was found in the antigen-antibody precipitate. The possibility of interference by NH4+ was eliminated by the fact that addition of NH4C1 to albumin prior to reaction with the antiserum did not result in any greater optical density after reaction with ninhydrin than when NHiC1 was not added.
d. Patients. See (3, 12) . e. Urine collections. All specimens of urine were spontaneously voided.
RESULTS
In Table I are given comparisons of the dye and albumin clearances in patient J. R. on a control day and after the intravenous administration of albumin on another day. Table II presents similar data obtained from an experiment on patient A. McE.: in this experiment clearances were estimated over a period of approximately 48 hours after the administration of 37.5 gm. of human serum albumin. Figure 1 summarizes the data on comparisons between dye and albumin clearances. It will be noted that the two clearances are not in an exact 1 to 1 ratio and that nearly all the T-1824 clearances are smaller than the corresponding albumin clearances. The means, standard devia- tions, and coefficients of variation of the clearance ratios are given in Table III for each experiment on each patient and for all the data taken together. The extent of variability found is not surprising since the ratios include the errors of four analyses: urine and plasma T-1824 concentrations and urine and plasma albumin concentrations. For a given experiment in a given patient the standard deviation of the clearance ratios is less than the standard deviation of all the clearance ratios taken together.
DISCUSSION
It is evident from the data that there is a reasonably good agreement between the clearance of the dye T-1824 and the clearance of albumin when the albumin concentrations are estimated by the immunological procedure used here. This result was expected because T-1824 is preferentially bound to albumin in plasma and presumably also in urine. The fact that the clearances are not identical warrants brief comment.
The most obvious explanation of the discrepancy in the clearances is that there is a systematic error in the albumin clearances: the albumin clearances may be too high. This could occur either if the values for the plasma concentration of albumin were too low or if the values for the urine concentration of albumin were too high; the alternatives are not mutually exclusive. The probability that this explanation is correct is lessened by the following facts. The antigen used to prepare the anti-serum contains approximately 2 per cent alpha-globulins. As pointed out elsewhere (3) the renal clearance of alpha-globulins is much smaller than the clearance of albumin. If the immunological method determines some alpha-globulin as albumin the clearance values for albumin would be too low rather than too high. (14) . Hughes has identified a distinct fraction, mercaptalbumin, in crystalline albumin (15) . If native albumin or albumin which has been carried through the ethanol fractionation procedure is a mixture of two (or more) proteins there is no assurance that these proteins have identical clearances. Nor is there any assurance that T-1824 is bound in exactly -the same manner to the two proteins.
With respect to T-1824, it is unlikely (though not impossible) that a large fraction of the dye is bound to other proteins such as the alpha-globulins at the in tivo dye to protein concentration ratios of our experiments. Rawson (4)-has demonstrated that T-1824 added to whole plasma migrates with albumin during electrophoresis at pH 7.4 when the molar ratio of T-1824 to albumin is less than 14 to 1. Another possibility is that some of the T-1824 may be reabsorbed by the tubular cells independently of the "reabsorption" of albumin. Finally, some of the dye may be destroyed (e.g., by reduction of the azo groups) on passage down the tubules.
Regardless of which, if any, of the above possibilities is correct, the data indicate the extent to which the clearance of T-1824 may be depended on as a measure of the clearance of albumin.
SUMMARY
The renal plasma clearances of the blue dye T-1824 and of human' plasma albumin have been estimated simultaneously in patients with the nephrotic syndrome. In 94 periods in 6 patients the ratio, T-1824 clearance/albumin clearance, averaged 0.83 (standard deviation, ± 0.101). Concentrations of albumin in, plasma and urine were estimated by means of an immunological procedure. The T-1824 clearance should be useful as a substitute for the albumin clearance where direct methods for the albumin clearance are not available or where it is desirable to estimate a large number of clearances. The T-1824 clearance is proportional to, though not identical with, the albumin clearance over a wide range of albumin clearance values. Possible explanations of the discrepancy between the clearances are discussed.
